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SYSTEM FOR CONTROLLING A
PLURALITY OF FUNCTIONS OF A
TURBOJET ENGINE

BACKGROUND OF THE INVENTION

The invention relates to powering and controlling electro-
mechanical equipment of an aircraft engine and/or its sur-
roundings. The 1nvention applies more particularly to air-
plane engines and specifically to gas turbine engines of the
turbojet type.

The term “electromechanical equipment of an aircraft
engine or of 1ts surroundings™ 1s used herein to cover not only
equipment that 1s useful for the actual operation of the engine,
but also equipment that 1s associated with the engine nacelle.
By way of example, such equipment may comprise electro-
mechanical devices for actuating various functions of the
engine while the engine 1s 1n operation or while it 1s stopped.,
such as, in particular, devices for actuating thrust reversers for
a gas turbine airplane engine or devices for actuating main-
tenance covers (opening/closing the covers).

Each electromechanical actuation device as mentioned
above generally comprises at least one actuator, an electric
motor for actuating the actuator, and controlling electronics
tor controlling the electric motor and dimensioned as a func-
tion of the specific requirements of the actuation device.

Furthermore, the present trend is to control more and more
functions of an aircraft engine by means of such electrome-
chanical actuation devices.

Consequently, there exists a need to simplify the powering
and the control of such actuation devices 1n order to reduce
manufacturing costs and also 1n order to reduce design com-
plexity, i particular i terms of overall bulk, weight, and
dimensioning.

OBJECT AND SUMMARY OF THE INVENTION

To this end, the present invention proposes a control system
tor controlling a plurality of distinct functions of a turbojet
engine, each function being associated with a respective
actuation device, said system comprising:

an electric motor adapted to supply mechanical energy to
each of the actuation devices;

an electronic control unit for the electric motor; and

at least one switching device interposed between the motor
and the actuation devices, the switching device(s) serving to
distribute the mechanical energy supplied by the electric
motor selectively to one of the actuation devices.

The invention thus makes 1t possible to share controlling
clectronics and electric motors between a plurality of electro-
mechanical actuation devices that are associated with respec-
tive distinct functions of the turbojet engine that are not to be
operated simultaneously. The term “sharing” 1s used herein to
mean that the same control electronics and the same electric
motor are used for all of the electromechanical actuation
devices.

In the example of functions that comprise a thrust reverser
and a maintenance cover, the mvention makes 1t possible to
have a common control system for use selectively to actuate
the thrust reverser while braking the aircraft, and to open the
maintenance cover.

In addition, the invention advantageously makes it possible
to take advantage of controlling electronics and an electric
motor that are entirely compatible with each other and that are
dimensioned to drive a so-called “main” function that con-
sumes a large amount of power, but over a duration that 1s
nevertheless limited (such as a thrust reverser), and that are
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also suitable for actuating one or more so-called “secondary”™
functions that require less power 1n order to be actuated (such
as a maintenance cover).

The sharing of the controlling electronics and the electric
motors that the mvention makes possible thus leads to a
reduction 1n terms of cost and weight, and also 1n terms of
bulk and complexity of design. In accordance with the inven-
tion, a single electric motor and a single electronic control
unit suifice to control a plurality of functions, thereby limiting,
requirements for an electrical power transmission harness.

Furthermore, provision can be made for a main function of
the turbojet engine to have control electronics and an electric
motor that are duplicated, thus enabling secondary functions
to benelit from such redundancy, even though they would not
normally do so.

In a particular embodiment of the invention, in which each
switching device has an inlet suitable for receiving the
mechanical energy supplied by the motor and two outlets, the
switching device 1s suitable for switching the mechanical
energy 1t receives at 1ts inlet to one or the other of the outlets.

In a first variant embodiment 1n which the control system of
the invention has a single switching device, each outlet from
the switching device 1s connected to a respective actuation
device.

In this first vanant, the control system of the invention
enables no more than two functions to be controlled.

In a second variant embodiment, 1n which the control sys-
tem 1ncludes at least two switching devices, one of the outlets
of one of the switching devices 1s connected to the inlet of
another switching device.

In this second variant embodiment, 1t 1s possible for the
controlling electronics and the motors to be shared amongst at
least three functions.

In a particular embodiment of the invention, at least one of
the switching devices 1s suitable for switching the mechanical
energy 1t receives at 1ts inlet to one of 1ts outlets on receiving
an electric command signal and to the other outlet 1n the
absence of an electric command signal.

In particular, in the absence of a signal, the switching

device may be adapted to switch mechanical energy to the
actuation device that 1s associated with a main function. As a
result, control of the main function takes priority, by default.

In another particular embodiment of the invention, at least
one of the switching devices 1s suitable for switching the
mechanical energy 1t receives at 1ts inlet to one or the other of
its outlets as a function of a received mechanical command.

Advantageously, the electronic control unit of the system
of the invention 1s suitable for adapting the electrical power
delivered to like motor depending on the function that is to be
controlled.

As aresult, the mechanical energy supplied by the motor to
the actuation device selected by the switching device com-
plies with the requirements of the function associated with
said actuation device.

The system of the mvention may also include means for
informing the electronic control unit of the motor about
which actuation device 1s having energy distributed thereto.

This mnformation may serve in particular to enable the
clectronic control unit to dimension the power for delivering
to the motor depending on the function being controlled, in
particular when the switching device 1s controlled by a
mechanical command.

This information may also constitute means for veriiying
that the mechanical energy is being switched properly to the
appropriate actuation device, thereby enhancing the satety of
the system.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present mven-
tion appear from the following description made with refer-
ence to the accompanying drawings that show embodiments
having no limiting character. In the figures:

FIG. 1 shows a control system in accordance with the
invention in its environment, 1n a first embodiment 1n which
the system enables two functions of a turbojet engine to be
controlled;

FIGS. 2A and 2B show an example of the operation of a
switching device suitable for use 1n the control system shown
in FIG. 1; and

FIG. 3 shows a control system in accordance with the
invention 1n 1its environment, 1 a second embodiment 1n
which the system serves to control three functions of a turbo-
jet engine.

DETAILED DESCRIPTION OF TWO
EMBODIMENTS OF THE INVENTION

FIG. 1 shows a control system 1 in accordance with the
invention in a first embodiment. In this first embodiment, two
distinct functions of a turbojet are to be controlled, specifi-
cally i this example: a thrust reverser (a “main” function);
and a maintenance hatch or cover (a “secondary” function) of
the turbojet.

Nevertheless, the invention may be applied equally well to
some number of functions that 1s greater than two (as
described below for the second embodiment of the invention)
and to other types of function, provided they are not of the
kind that are intended to be actuated simultaneously.

Each function 1s associated with an electromechanical
actuation device that may comprise one or more actuators.
Thus, the thrust reverser 1s associated with an electrome-
chanical actuation device 10 comprising six actuators
FP1, . . ., FP6 that are connected via flexible transmission
shafts (three actuators per thrust reverser door in the example
described here). An example of such an electromechanically
actuated thrust reverser 1s described 1n particular in document
EP 0 843 089. Similarly, a maintenance cover 1s associated
with an electromechanical actuation device 20 having a single
actuator FS1.

The control system 1 includes an electric motor 30 suitable
for delivering mechanical energy to one or other of the actua-
tion devices 10 and 20 for the thrust reverser and for the
maintenance cover.

For this purpose, the mechanical energy delivered by the
motor 30 1s transmitted via a mechanical transmission shaft
40 to a switching device 50 interposed between the motor 30
and the actuation devices 10 and 20. The mechanical energy
1s then distributed selectively by the switching device 50 to
one or the other of the actuation devices, depending on the
function that 1s to be actuated.

The control system 1 also includes an electronic control
unit 60 for the electric motor 30. This electronic control unit
60 1s adapted to control the electric motor 30 depending on the
function that 1s to be controlled.

It comprises 1n particular a power module 61 (also referred
to as power electronics) that 1s adapted to generate electrical
power for powering the electric motor 30. It also includes
control means 62 for controlling the power generated by the
power module 61 so as to adapt the electrical power delivered
to the motor 30 depending on the function that 1s to be con-
trolled.

When the control system 1 1s designed, the power capacity
of the module 61 1s advantageously dimensioned relative to
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the function that requires the highest power i1n order to be
actuated (the main function), 1.e. in this example the thrust
reverser. As a result, the power module 61 1s also suitable for
delivering sufficient electrical power to be able to actuate the
function that requires less power 1n order to be actuated (the
secondary function), 1.e. in this example the maintenance
COVer.

Consequently, the power capacity of the module 61 1s
overdimensioned relative to the secondary function. In order
to avoid damaging the secondary function, the control means
62 cnable the electrical power delivered to the motor to be
adapted depending on the function that is to be controlled, by
regulating the voltage and the current of the electricity fed to
the motor 30.

The power supply voltage and electricity to be fed to the
motor 30 may be determined in particular on the basis of
voltage and current measurements that are pre-established for
cach function that 1s to be controlled. The electric motor 30
may also include a sensor (not shown in the figure) that
informs the electronic control unit 60 of the torque actually
being applied by the electric motor 30 1n order to enable the
clectrical power delivered to the motor 30 to be regulated
accurately.

In order to 1dentity which function is to be controlled and to
apply the appropnate voltage and current, the electronic con-
trol unit 60 may make use of information received from the
tull authonity digital engine control (FADEC) device 70. Such
information 1s received 1n the form of digital commands, e.g.
comprising operating parameters of the turbojet engine that
enable the electronic control unit 60 to identify the function to
be controlled, or 1n a vanant actually identifying the function
to be controlled.

Thus, 1n accordance with the invention, a single electronic
control unit 60 and a single electric motor 30 are used for
actuating two respective actuation devices 10 and 20 for the
thrustreverser and for the maintenance cover. Since these two
functions are not designed to be operated simultaneously, the
switching device 50 needs to deliver the energy supplied by
the electric motor 30 selectively to one or other of the actua-
tion devices associated with these functions.

For this purpose, consideration 1s given to a switching
device 50 that has an inlet E suitable for receiving the
mechanical energy delivered by the electric motor 30 via the
transmission shaft 40, and two outlets S1 and S2 that are
connected respectively to the actuation devices 10 and 20.

In the example described, in order to switch the energy
recerved at 1ts 1nlet to one or the other of the two outlets, the
switching device 50 makes use of a clutch-type mechanism.
In known manner, a clutch mechanism serves to unite two
parts (e.g. two transmission shafts) so as to communicate to
one of them the rotary movement {rom the other. Thus, such
a mechanism makes 1t possible either to couple the inlet E
with the outlet S1, or to couple the inlet E with the outlet S2.

An example of a switching device 50 that implements such
a mechanism 1s shown 1n FIGS. 2A and 2B.

The switching device 50 shown 1n these figures switches
the mechanical energy 1t receives at its inlet E towards one or
the other of the outlets S1 and S2 as a function of whether or
not 1t has received an electric command signal. This com-
mand signal may come for example from the FADEC 70 of
the airplane or from the electronic control unit 60.

In known manner, in order to perform such an operation,
the switching device 50 comprises:

an 1nlet shatt 51 coupled to the inlet E:

a first outlet shaft 52 coupled to the outlet S1;

a second outlet shait 33 coupled to the outlet SZ;
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a metal plate 54 constrained to rotate with the mlet shaft 51
and that 1s movable 1n translation;

a return spring 35 connected at one end to the inlet shaft 51
and at the other end to the metal plate 54; and

an electromagnet 56 having a solenoid within which a core
may be placed.

In preferred manner, when the switching device 50 does
not recetve an electric command signal, it delivers the
mechanical energy 1t receives from the electric motor 30 to
the actuation device 10 that 1s associated with the main func-
tion (S1), 1.e. 1n this example the thrust reverser. Conversely,
when the switching device 50 receives an electric command
signal SIG, 1t delivers the mechanical energy supplied by the
electric motor 30 to the actuation device 20 associated with
the secondary function (S2), 1.¢. 1n this example the mainte-
nance cover. In this way, powering and controlling the main
function takes priority by default.

For this purpose, the return spring 53 has a rest length such
that when the solenoid of the electromagnet 56 1s not electri-
cally powered (1.e. when the switching device 50 1s notreceiv-
ing the electric command signal), 1t serves to press the metal
plate 54 against a friction disk 57. The disk 57 1s constrained
to rotate with the first outlet shatt 52 (ci. FIG. 2A). Thus,
when the metal plate 54 1s set 1into rotation by the electric
motor 30 (via the inlet shaft 51), it transmits this rotary
movement by friction to the first outlet shaft 52 via the disk
57. The mechanical energy delivered by the electric motor 30
to the inlet E 1s thus transmitted by iriction to the outlet S1
(only) of the switching device 50 so as to be delivered to the
actuation device 10 of the thrust reverser. The actuation
device 10 then distributes the mechanical energy 1t receives to
the various actuators FP1, . . . , FP6, thereby enabling the
thrust reverser to be actuated. This distribution 1s performed
by means of flexible transmission shaifts, in a manner known
to the person skilled in the art and not described 1n detail
herein.

When the solenoid of the electromagnet 56 1s powered (ct.
FIG. 2B), by an electric command signal SIG, 1t attracts the
metal plate 54 towards it. The plate 1s then pressed against a
friction disk 38. The disk 58 1s constrained to rotate with the
second outlet shaft 53. Thus, when the metal plate 54 1s set
into rotation by the electric motor 30 (via the inlet shatt 51),
it transmits this rotary movement by iriction to the second
outlet shatt 53 via the disk 58. The mechanical energy deliv-
ered by the electric motor 30 to the mlet E 1s thus transmuatted
by Iriction to the outlet S2 (only) of the switching device 50,
so as to be delivered to the actuation device 20 of the main-
tenance cover. The actuation device 20 then transmits the
mechanical energy 1t recerves to the actuator FS1 via a tlex-
ible transmission shait, thereby causing the maintenance
cover to open, for example.

In the example described herein, the switching device 50
makes use of a friction clutch mechanism. Nevertheless, other
clutch mechanisms could naturally be considered, such as for
example a jaw clutch mechanism, etc.

In another embodiment (not shown in the figures), the
switching device 50 switches the mechanical energy deliv-
ered by the electric motor 30 and received at the inlet E to one
or the other of the outlets S1 and S2 as a function of a
command that 1s mechanical.

By way of example, this mechanical command may come
from a lever that, when 1n a position A, serves to secure the
inlet shait 1n rotation with the first outlet shatt (thereby cou-
pling the inlet E with the outlet S1), and when 1n a position B
to secure the 1nlet shaft in rotation with the second outlet shaft
(and thus to couple the inlet E with the outlet S2).
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In a manner similar to the electric command signal, a
default position may be envisaged for the lever, so that the
switching device acts by default to deliver mechanical energy
to the actuation device of the thrust reverser. Changing the
position of the lever (e.g. manually) to the other position then
enables mechanical energy to be distributed to the actuation
device of the maintenance cover. Closure of the maintenance
cover may be arranged to cause the lever to return to 1ts
position by default.

According to an advantageous characteristic, a position
return sensor (not shown in FIG. 1), e.g. located on the
switching device 50, serves to inform the FADEC 70 of the
airplane or the electronic control unit 60 about which actua-
tion device 1s arranged to have mechanical energy distributed
thereto (1.e. which function 1s activated).

This makes 1t possible 1n particular to verily that the
switching device 50 delivers mechanical energy to the appro-
priate actuation device.

Furthermore, when the switching device 50 1s controlled
by a mechanical command to select the actuation device that
1s to recerve mechanical energy and this command does not
reach the switching device or 1s not known to the switching
device, then this information may enable the unit 60 to adapt
the power delivered to the motor 30 depending on the function
associated with the actuation device that 1s selected.

As mentioned above, the invention also applies to control-
ling more than two functions of a turbojet engine. Thus, there
follows a description with reference to FIG. 3 of a second
embodiment of the invention 1n which three distinct functions
of a turbojet engine are to be powered, none of which func-
tions are to operate simultaneously. In this example, these
functions are a thrust reverser (main function), and two main-
tenance covers, €.g. an engine cover and a fan cover (second-
ary functions).

Each function 1s associated with a respective actuation
device. Thus, the thrust reverser 1s associated with the actua-
tion device 10, and the two maintenance covers are associated
respectively with actuation devices 20a and 205.

The control system 1' of the invention comprises an electric
motor 30, an electronic control unit 60, and a FADEC 70,
similar to those described above for the first embodiment.

The control system 1" also includes first and second switch-
ing devices 50aq and 505 interposed between the motor 30 and
the actuation devices 10, 20q, and 2056. The switching devices
50a and 505 are similar to the switching device 50 described
for the first embodiment.

Thus, the first switching device 50q includes an nlet con-
nected to the electric motor 30 via the transmission shaft 40,
and also to two outlets that are connected respectively to the
actuation device 10 and to the inlet of the second switching
device 50b. The first switching device 30a 1s thus adapted to
deliver the mechanical energy it receives from the electric
motor 30 to the actuation device 10 or to the second switching
device 5056 (1.e. towards the actuation device 20q or the actua-
tion device 20b), e.g. as a function of an electric command
signal or a mechanical command signal as described for the
first embodiment of the invention.

The second switching device 505 has an inlet connected to
one of the outlets of the first switching device 50q and two
outlets that are connected respectively to the actuation device
20a and to the actuation device 205. The second switching
device 505 1s thus adapted to deliver the mechanical energy 1t
receives from the electric motor 30 (via the switching device
50a) to the actuation device 20q or to the actuation device
205, e.g. as a function of an electric command signal or of a
mechanical command signal, as described for the first
embodiment of the mnvention.
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The mvention claimed 1s:

1. A control system for controlling a plurality of distinct
functions of a turbojet engine that are not to be operated
simultaneously, each function being associated with a respec-
tive actuation device, the system comprising:

an electric motor adapted to supply mechanical energy to

each of the actuation devices;

at least one switching device interposed between the motor

and the actuation devices; and

an electronic control unit for the at least one switching

device and the electric motor

wherein the electronic control unit controls the at least one

switching device to selectively distribute the mechanical
energy supplied by the electric motor to one of the actua-
tion devices based on the function to be operated by the
one of the actuation devices, and controls the at least one
switching device such that the other actuation devices
that are not operated simultaneously with the one of the
operating devices are not supplied 1n mechanical energy
by the electric motor.

2. A system according to claim 1, wherein the at least one
switching device includes an inlet configured to recerve the
mechanical energy supplied by the electric motor and first and
second outlets, the switching device being configured to
switch the mechanical energy received at the inlet to one of
the outlets preventing the mechanical energy to be supplied
simultaneously at two actuation devices.

3. A system according to claim 2, wherein the system
includes a single switching device, each outlet of the switch-
ing device being connected to a respective actuation device.

4. A system according to claim 2, wherein the system
includes first and second switching devices, one of the outlets
of the first switching device being connected to the inlet of the
second switching device.

5. A system according to claim 2, wherein at least one of the
switching devices 1s configured to switch the mechanical
energy recerved at the inlet thereof to the first outlet thereof on
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receiving an electric command s1gnal and to the second outlet
thereol 1n absence of an electric command signal.

6. A system according to claim 2, wherein at least one of the
switching devices 1s configured to switch the mechanical
energy received at the inlet thereof to one of the outlets
thereol as a function of a recerved mechanical command.

7. A system according to claim 2, wherein the at least one
switching device comprises:

an inlet shaft coupled to the inlet;

a first outlet shait coupled to the first outlet;

a first friction disk coupled to the first outlet shaft;

a second outlet shait coupled to the second outlet;

a second Iriction disk coupled to the second outlet shaft;

a metal plate rotatable with the 1nlet shait and movable 1n

translation;

a return spring connected at a first end to the inlet shaft and

at a second end to the metal plate; and

an electromagnet,

wherein, when the electromagnet 1s not powered, the plate

presses against the first friction disk such that the first
outlet shaft rotates with the inlet shaft, and, when the
clectromagnet 1s powered, the plate presses against the
second friction disk such that the second outlet shaift
rotates with the inlet shatft.

8. A system according to claim 1, wherein the electronic
control unit 1s configured to adapt the electrical power deliv-
ered to the motor depending on the function that i1s to be
controlled.

9. A system according to claim 1, further comprising
means for informing the electronic control unit of the motor
about which actuation device 1s having energy distributed
thereto.

10. A system according to claim 1, wherein the functions
controlled by the system comprise:

a thrust reverser; and

a maintenance cover.
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